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(54) Method and apparatus for multi-level rounding and pattern inspection 



(57) A method and an apparatus are presented for 
correcting corner images of an integrated circuit pattern, 
for example, in an real image produced by optical scan- 
ning and deleting defects from the corner sections. De- 
sign data describing rectangular or trapezoidal patterns 
are expanded in a design data expansion section in mul- 
ti-level gradations to produce a reference data for each 



pixel having resolution capability less than the inspec- 
tion resolution capability. In a reference image forming 
section, based on the edge position of the real image, 
the reference data are processed to produce a refer- 
ence image by rounding off the corner section and the 
line width while maintaining multi-level gradations. The 
boundary regions are blended using optical point spread 
functions obtained from the real image. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



[0001] The present invention relates in general to pattern inspection, and relates in particular to a method an a DDa 
ratus for perform.ng rounding correction of reference images used for Die-To- DataBASE to^^S^ 

^^n^^ ° n J3PaneSe P3tent APPliCati ° n N ° 1 °- 107523 ' the C — ts <* which are incorpo- 



Description of the Related Art 
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£2? ™ 8re,0,e t an Woach may be considered lo examine the features in various inspection locations of the 
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I00M] In the cony.ntional method of com., rounding, a corner shape in a reference image is corrected u.ino a 
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in the tone gradations between correction templates and the actual image. This will be explained in more detail. 
[0014] Correction templates for the design data are selected from many templates for matching of pattern shapes 
by selecting individual bit string patterns representing templates that are most similar to the string patterns in the actual 
image. Such computed bit strings are convoluted with point spread functions computed from the light intensity values 
5 obtained by optical scanning and the corrected template images to produce the final multi-valued reference image for 
comparison purposes. This process becomes highly computation-intensive when the number of pixels increase in an 
image, and consequently inspection productivity suffers. 

[0015] Another problem is that, because corner identify and gradation rounding adjustment processes are carried 
out separately for one expanded reference data, computation requirements are further increased. 
10 [001 6] To counter such problems of productivity, processing speed may be shortened by including corner information 
in the pre-expansion design information, but this method suffers from an enormous amount of design information, 
which leads to increase in memory resources and expansion time. The result is that the overall productivity of inspection 
is lowered. 

[001 7] Further, because the corner rounding step in the pattern correction process is carried out at each pixel location 
is according to a bit string of a given template, the existing method surfers from a drawback that the gradation values of 
the corrected pattern are limited by the gradation distribution available in the template. 

[001 8] Further, gradation correction is carried out without regard to the shapes of surrounding patterns, edge sections 
in a pattern that do not coincide with pixel locations and rounded sections extending from an edge to a corner are 
problematic, because the differences in gradation, between the reference image and the actual image obtained by 
20 scanning, become large, making such areas vulnerable to be identified as pseudo-defects. 

[0019] For these reasons, if a design pattern contains a corner section, produced by two slanting edges intersecting 
at some angle, that is not at a pixel boundary correction of gradation difference by template at the pixel level does not 
allow interpolation of gradation between the pixels. 

[0020] Especially, those defects in the object pattern, existing in a pixel boundary or in corners that are smaller than 
25 the resolution capability of the inspection apparatus and are poor in contrast relative to the surrounding, are difficult to 
detect by comparing such patterns with the reference image, because they exhibit inferior difference in gradation rel- 
ative to the surrounding. 

SUMMARY OF THE INVENTION 

30 

[0021] It is an object of the present invention to provide a pattern inspection apparatus to generate a reference image 
having corner sections closely matching those in the real image of an object pattern, and to significantly reduce the 
chances of finding pseudo-defects in the corner sections. 

[0022] The object has been achieved in a method for a multi-level corner rounding process: where reference data 
35 ■ are generated by expanding the design data so as to produce multi-level gradation reference data at each pixel having 
a resolution capability that is finer than an inspection resolution capability; the corner sections are automatically iden- 
tified in the reference data that do not contain any corner information; and a corner rounding operation is performed 
on a corner section in a multi-level gradation state, in accordance with a corner radius extracted from the real image 
at a resolution finer than the inspection resolution capability. 
40 [0023] The method may also include a step in which a corner section in the reference data is corrected to approximate 
a shape of a corner section in the real image, by scanning over the multi-level reference data about an object pixel, 
with a circular masking, or a ring shaped masking or a polygonal masking approximating a circle, having a radius given 
in pixel units or sub-pixel units, so as to define a neighboring pixel range of the object pixel. 

[0024] The method may also include a step in which a corner pattern identification reference value for a masking 
45 pattern is derived according to a computational process comprising the steps of: defining a reference value for inside- 
masking total gradation derived by multiplying a maximum gradation value achievable in an object pattern in the ref- 
erence data with a masking area ratio, which is a ratio of two areas, a unit area of a unit pixel and an area occupied 
in the unit pixel by a circular masking, or a ring-shaped masking or a polygonal masking defined in sub-pixel units, to 
be scanned into the reference data, and summing all products; designating one masking region that does not contain 
so a center pixel produced by dividing the masking pattern along any line in the masking pattern, and similarly designating 
other masking region that contains the center pixel in the masking pattern: and assigning a masking curvature range 
lower limit value to the reference value of the inside-masking total gradation in the one masking region, while assigning 
a masking curvature range upper limit value to the reference value of the inside-masking total gradation in the other 
masking region. 

55 [0025] The method may also include step in which a 1 -pixel gradation ratio is derived by dividing the maximum 
gradation value by a difference between a masking curvature range upper limit and a masking curvature range lower 
limit. 

[0026] The method may also include a step in which h gradation correction process for the object pattern comprises 
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he steps of: obtaining an inside-masking total gradation value by multiplying a masking area ratio, which is a ratio of 

ZlnnZ' 3 7 af !? f 'I""" PiXSl an arSa ° CCUpied in ,he unit pixel b V a circular maskin 9. a ring masking or a 
5?SSnT^ " S ?- piXe !. UnitS ' t0 be scanned int ° ref — da ' a . with gradation values contained in 
the reference data at corresponding ,nd,v,dual pixels inside the masking pattern, and summing all products- assigning 
a minimum gradation value as a gradation value of a center pixel address in the masking pattern, when an inside 
masking total gradation value is less than a masking curvature range lower limit value; assigning a maximum gradation 
value as a gradation value of a center pixel address in the masking pattern, when an inside-masking total gradation 
va ue ,s greater than a masking curvature range upper limit value; assigning to a center pixel address in the masking 
pattern, a gradation value obtained by subtracting a masking curvature range lower limit value from an inside-masking 
total gradation value and multiplying a difference with a 1 -pixel gradation ratio, when the inside-masking total gradation 
value is greater than the masking curvature range lower limit value but is less than the masking curvature range upper 
l.mit value; and repeating the gradation correction process for each pixel in the object pattern so as to modify gradation 
values only in sub-pixel units for corner sections. 

[0027] The method may also include a step in which after completing rounding operations of comer sections a 
comparison reference image is produced by applying a filtering process, suitable to optical properties of an inspection 
apparatus to multi-level gradation reference data so as to produce the comparison reference image having gradations 
approximating gradations in corner sections in a corresponding real image 

[0028] The multi-level corner rounding methods presented above are practiced most preferably in a pattern inspection 
apparatus for scann.ng an object pattern, generated according to design data, with a laser beam of a specific wave- 
ength; focusing transmitted light on photodetector means through an objective lens so as to generate a real image 

dZl f I n h f0r H matl0n ° btained ,rom ,he Photodetector means; comparing the real image with a reference image 
derived from the design data: and detecting defects in the object pattern 

[0029] As explained above, in the present method, design data whose gradation values at each pixel are prepared 
as a matrix of high resolution multi-level gradations are corrected while maintaining the multi-level gradations There- 
fore even when the corner and edge sections of the design data are located inside a pixel, not at a pixel boundary 
gradations ,n the corner sections in the object pattern can be expressed with a high degree of precision thereby 
producing a reference image that closely matches the real image obtained from the object pattern 
E^Mr*"!! multNevel e *Pa"ded reference data are corrected using a suitable masking pattern 
based on a total value of the neighboring gradations of a target pixel located inside the masking pattern Therefore 
when ma tch'ng the corner shape with a template, corrected gradations are not limited by the gradations available in 
the template as in the conventional method, thereby enabling to produce a reference image closely matching the 
gradations ,n the real image. Also, a masking pattern can be chosen in pixel units or sub-pixel units according to the 

b?S^r C ° mer f Cti ° nS ^ rea ' lma9e ' ,here, ° re ' C ° mer SeC,ion 9radations in the desi 9" d'ta can 

be corrected to suit the degree of precision required in individual inspection 

35 EL £1 S °' ln '^t H PrSSen ! me,h ° d ' ° nly th6 Sh3pe ° f 3 maki ° 9 Pa,tem but the 1 -P ixel aradation ratio can be 
adjusted by varying the masking curvature range, therefore, the present method enables to process those gradations 
that can not be corrected by shape correction alone. An additional advantage is that corner recognition and rounding 
operations can be performed concurrently in one scanning operation of the masking pattern into the reference data 
thereby significantly increasing the inspection productivity 
40 SI^h T 6 " r f 9ardleSS , of the ""Nation of the corner section of a given angle in a wiring pattern described in 
the design data, on ly the pixel corresponding to the relevant corner can be identified and multi-level gradation correction 
can be performed based on sub-pixel units which offer finer resolution than the pixel resolution. Therefore the method 
is able to significantly control distortion in the object pattern produced by the rounding process, thereby enabling to 
produce a reference image closely matching the real image, even when the scanning direction does not coincide with 
the order of arrangement of the design data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] Figure 1 is a block diagram of a first embodiment of the pattern inspection apparatus of the present invention 
[0034] Figure 2 is an illustration of a part of an expanded pattern of a wiring corner. 
[0035] Figure 3 is an enlarged view of one pixel shown in Figure 2. 

[0036] Figure. 4 is a tabular matrix to explain the gradation values of each pixel shown in Figure 2 
[0037] Figure 5 is a diagram for a four-neighbor masking pattern defined in pixel units 

F ' 9Ure 6 iS 3 dia 9 ram for a circu| ar masking pattern (radius=2.5 pixels) defined in pixel units 
units 6 7 13 3 d ' a9ram Sh ° Wing P o| y9° nal masking patterns (true circle) with various radii defined in sub-pixel 

25 pixels'^ 91 " 6 8 iS 3 di39ram 3 P0ly9 ° nal mHSk " 19 pa,,ern shown in Fi 9ure 7, where the radius corresponds to 
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[0041] Figure 9 is a diagram for a ring masking pattern defined in sub-pixel units. 

[0042] Figure 10 is a diagram for a circular masking pattern (radius=2.5 pixels) in which the range of curvatures has 
been expanded. 

[0043] Figure 11A^11E are illustrations to explain how masking curvature range and 1 -pixel gradation ratio are 
5 generated. 

[0044] Figure 12 is a flowchart for a multi-level rounding process. 

[0045] Figure 13A-* 13D are illustrations to explain how to determine the gradation values in the corner rounding 
process based on pixel units. 

[0046] Figure 14A— 14F are illustrations of reference images after performing rounding processes using various 
w masking shapes on a corner section of reference data. 

[0047] Figure 15 is a tabular matrix to show a distribution of actual gradation values in a corner section in an actual 
image obtained by laser scanning. 

[0048] Figure 16 is a tabular matrix to show the results of performing a blending (gradation) operation after a corner 
rounding operation. 

is [0049] Figure 17 is a tabular matrix to show a distribution of gradation values in a difference image between the 
actual image and the reference image. 

[0050] Figure 18 is a table to show the numerical data of masking curvature upper limit, lower limit and 1 -pixel gra- 
dation ratio for the masking patterns used in the present invention. 

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0051] Preferred embodiments will be presented with reference to the drawings. 

[0052] Figure 1 is a block diagram of a first embodiment of the pattern inspection apparatus. 

[0053] The pattern inspection apparatus includes an optical scanning section 4 for scanning a wiring pattern (object 
25 pattern) to be inspected by a laser beam and outputting scan signals 1 4 S and arVoptronic imaging section 5 for converting 
the scan signals 14 to an actual image 15 having multi-valued gradations. 

[0054] The apparatus also includes: a design data input section 1 for inputting design data 11 to define the shape 
and sizes of an object pattern to be inspected; a design data expansion section 2 for expanding the design data 11 
into a wiring pattern to produce multi-level gradation reference data 12: a reference image forming section 3 for pro- 

30 ducing a reference image 1 3 by correcting individual wiring patterns in the reference data 1 2 so as to match the actual 
image 15; and a data comparison section 7 to perform inspection of the object pattern by comparing the actual image 
1 5 produced by optical scanning with the reference image 1 3 produced from the design data 1 1 . 
[0055] The operation of the inspection apparatus will be explained with reference to the drawings. 
[0056] Design data 11 described in a format such as MEBES are input from the design data input section 11. 

35 [0057] Next, input design data 11 are expanded in the design data expansion section 2, as a wiring pattern at indi- 
vidual pixels arranged in a lattice configuration to correspond to the coordinate addresses in the actual image 15. 
[0058] Figure 2 shows a portion of an expanded wiring pattern. Pixels are represented by each rectangle, and cor- 
respond to the expansion resolution capability of the design data expansion section 2. The edge 22 of a pattern 21 is 
not located at a pixel boundary, and indicates that : in a pixel 23 : the pattern 21 occupies the pixel area in a ratio of 3: 

40 1 in x-direction (horizontal), and in a ratio of 1:1 in y-direction (vertical). 

[0059] Each pixel is provided with a plurality of sub-pixels for computing the values for multi-valued gradation (gray 
scale) at a finer resolution level than that given by the inspection resolution capability, so that the precision of the 
gradation levels is determined by the number of sub-pixels provided in each pixel. 

[0060] For example, if the data are to be expanded in a gradation range of a maximum value 255 and a minimum 
45 value 0, each pixel is comprised by 16 x 16 sub-pixels, where each sub-pixel represents a binary bit and can have a 
value of either [0] or [1]. 

[0061] Figure 3 is an enlarged view of the pixel 23 shown in Figure 2. It can be seen that the pattern 21 occupies 8 
x 1 2 sub-pixels among the total number of sub-pixels 16x16 available in one pixel. 

[0062] In this case, if the sub-pixels inside the pattern 21 are designated by [1] and sub-pixels outside the pattern 

50 21 are designated by [0], the gradation value for pixel 23 is 8 x 12=96. 

[0063] Accordingly, the minimum gradation value is MIN=0 for the pixels not inside the pattern 21 while, excepting 
for the edges of the pattern, the maximum gradation value is MAX=255 for the pixels inside the pattern 21 
[0064] Therefore, it can be seen that the gradation value of the pixels for the edge portion which occupies partial 
pixels in the pattern 21 is given by the number of sub-pixels in the individual pixels that are inside the pattern 21 . 

55 [0065] As shown in Figure 4, by integrating the area of bit strings within a given pixel, gradation values of the expanded 
pattern 21 can be computed at each pixel representing an address of each coordinate point in the actual image 15. 
[0066] Therefore, in the design data expansion section 2. after developing the wiring pattern on each pixel according 
to the design data 11, gradation values are computed for each pixel and the results are output as reference data 12. 
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[0067] Next, the reference image forming section 3 corrects for edge positions in the wiring pattern by enlarging or 
reducing the line width of the edge data included in the reference data 12, output from the design data expansion 
section 2, and appropriately moves the edge position on the basis of pixel units or sub-pixel units. 
[0068] At this point, a corner section in the reference data 1 2 and a corresponding corner section in the actual image 
s 1 5 are compared, and the corner section in the reference data 1 2 is corrected to produce a multi-valued rounded corner 
based on the radius of the corner section in the actual image 15. 

[0069] Subsequently, by executing a filtering operation suitable to the optical properties of the inspection system, a 
reference image 13 to approximate the actual image 15 is produced. 

[0070] In the process of multi-level rounding correction, correction parameters, which are radius size for rounding 
to and the number of times the rounding process to be repeated, are determined as follows. A representative actual image 
15 is selected from the many actual images 15 stored in the image memory 6 (see Figure 1), and using an image of 
the target corner section, the shape and gradation distributions in the actual image 15 are examined in relation to the 
corresponding corner section in the object pattern in the reference data 12. The correction parameters are then deter- 
mined according to the minimum value of the sum of the differences in the brightness between the real image 15 and 
15 the reference image 1 3, produced by modifying the reference data 1 2 at the corresponding corner using various shapes 
of masking patterns to closely match the corner characteristics in the real image 15. Detailed steps will be explained 
in the following. 

[0071] First, a method for computing the curvature range lower limit (the lower limit in the range of the point of the 
reverse curve), the curvature range upper limit (the upper limit in the range of the point of the reverse curve) and the 
20 1 -pixel gradation ratio for a masking shape will be explained. 

[0072] Figures 5 to 1 0 show various examples of masking patterns, where Figure 5 is an example of a four neighbor 
masking pattern defined in pixel units, Figure 6 is an example of a round masking pattern defined in pixel units (radius 
R = 2.5 pixels). 

[0073] Figure 7 shows various examples of a polygonal pattern (true circle) having various radii defined in sub-pixel 
25 units, Figure 8 is a polygonal pattern to approximate the true circle having a radius of R = 2.5 pixels shown in Figure 
7 : Figure 9 is an example of a ring pattern defined in sub-pixel units, and Figure 1 0 is an example of a polygonal pattern 
approximating the true circle (R = 2.5 pixels) where the curvature range is extended. 

[0074] In the following explanation, to facilitate the explanation of the shape correction process, the unit pixel pattern 
shown in Figure 6 will be used and the processing steps will be discussed with reference to Figure 11 . 
30 [0075] In Figure 6, each grid represents a unit pixel, and the gradations can be provided from the minimum value 
MIN = 0 to the maximum value MAX = 255 at each grid inside the masking pattern. 

[0076] Representative masking pattern edges in the reference data 1 2 to be scanned are chosen such that they are 
not blended and their gradation values are all at MAX. 

[0077] A value for the curvature range lower limit is computed using the relation (1 ) shown below, and the computation 

3$ process will be explained with reference to Figures 11. 

[0078] Consider folding a masking pattern into two sections, S1 and S2, as shown in Figures 11 A and 1 1 B about a 
center line (dotted line). S1 represents a region of the masking pattern that does not include the pixel array having the 
center pixel, and S2 represents a region of the masking pattern that includes the pixel array having the center pixel. 
Individual sections S1, S2 are extracted and shown in Figures 11 C and Figure 11D, respectively. Then the lower limit 

40 for the curvature range is given by relation (1 ). 

Masking curvature range lower limit value = S1 x MAX (1) 

45 [0079] For the masking region S1 (Figure 11 C), which does not contain the pixel array having the center pixel, the 
lower limit is MAX x 8. The lower limit represents the highest number of gradations that can be exhibited inside a 
masking region that does not include the pixel array having the center pixel. 

[0080] Similarly, the curvature range upper limit is computed, according to the relation (2) shown below. 



50 



Curvature range upper limit value = S2 x MAX (2) 



[0081] For the masking region S2 that contains the pixel array having the center pixel (Figure 11B) : the upper limit 
of curvature range is MAX x 13, as shown in Figure 11D. The upper limit represents the highest number of gradations 
55 achievable inside the masking region that includes the pixel array having the center pixel. 

[0082] A 1 -pixel gradation ratio of the masking curvature range is computed according to relation (3). and is explained 
with reference to Figure 11 E, which shows a process of pixel subtraction of the lower limit value from the maximum 
limit value of the masking curvature range. The 1 -pixel gradation ratio is obtained by dividing the maximum gradation 
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value (MAX) with the result of pixel subtraction. 
[0083] That is, the 1 -pixel gradation ratio is give by: 



maximum gradation value / (upper limit value - lower limit value of the 
curvature ranges) 
10 = MAX / (S2 x MAX - SI x MAX) 

= MAX/(S2 - SI), 

1$ therefore, in the case illustrated in Figure 11 E: 

= MAX / (13 x MAX - 8 x MAX) 
20 = 1 / (13 - 8) 

= 1/5. 

25 [0084] Figure 1 8 summarizes the results of computation of the upper and lower limit values of the masking curvature 
range, and the 1 -pixel gradation ratio of the masking curvature range for the respective masking patterns shown in 
Figures 5—10 inclusively. 

[0085] Next, the multi-level rounding process will be explained with reference to Figure 12, which is a flowchart of 
the computational process. 

30 [0086] In the following description, it is assumed that the actual image 15 has been compared with the reference 
data 12, and the edge positions in the reference pattern 13 have already been corrected by applying multi-level ex- 
pansion or reduction processes in sub-pixel units. Therefore, the following presentation relates only to the process of 
corner shape correction in the reference image 13. 

[0087] First : for speeding up the correction process, the upper and lower limit values of the masking curvature range, 
35 the 1 -pixel gradation ratio and the number of repetition of rounding process are pre-calculated using the shape of the 
actual masking pattern, and the results are stored in the memory in the reference image forming section 3 (step 51 ). 
[0088] Next, if the rounding process has not been carried out to the required number of repetition (NO in step 52), 
the selected masking pattern is scanned over in the reference data 12. 

[0089] If the repetition step has not been completed for all the pixels (NO in step 53), a value for the inside-masking 
40 total gradation is obtained (step 54), and depending on the value of the inside-masking total gradation so found, one 
of the following three steps is carried out to correct the gradation of the object pixel (step 55). 

[0090] If, the inside-masking total gradation value ^ curvature range upper limit value, the object pixel is corrected 
to the maximum gradation value MAX=255 (step 58). 

[0091] If the inside-masking total gradation value ^ curvature range lower limit value, the object pixel is corrected 
45 to the minimum gradation value MIN=0 (step 57). 

[0092] If the curvature range lower limit value < inside-masking total gradation value < curvature range upper limit, 
the object pixel is corrected according to a reference value obtained from the following relation (4), (step 56). 

SQ Correction value for object pixel = (inside-masking total gradation value - curvature 

range lower limit value) x (1 -pixel gradation ratio) (4) 

[0093] Figure 13 shows an example of performing the rounding correction steps shown in Figure 12 on a circular 
55 masking pattern shown in Figure 6. 

[0094] To facilitate the explanation, it is assumed that the reference data always coincide with the pixel boundary, 
and the peripheral sections of the object pattern are at the maximum gradation value=255. 

[0095] When a masking pattern is scanned over the multi-level expanded reference data 12.. and if the scanning 



(3) 
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position is at a spot shown in Figure 1 3A, inside-masking total gradation value = 8x MAX, and since this value for this 
pattern is equal to the curvature range lower limit value (8 x MAX) listed in Figure 18, this spot is assigned a value 0. 
In other words, this spot is judged to be a black pixel whole region. 

[0096] When the scanning position is at a spot shown in Figure 13B, inside-masking total gradation value = 15 x 
MAX, and is higher than the curvature range upper limit value (13 x MAX) shown in Figure 18, therefore, this spot is 
assigned a value 255. In other words, this spot is judged to be a white pixel whole region. 

[0097] In the case of Figure 13C, inside-masking total gradation value (11 x MAX) is between the upper and lower 
values of the curvature ranges, and satisfies the condition: curvature range lower limit value < inside-masking total 
gradation value < curvature range upper limit, and therefore, 

corrected gradation value =-(1 1 x MAX - 8 x MAX) x (1/5) = 153. 

[0098] In the case of Figure 1 3D, although inside-masking total gradation value is within the curvature range, the 
corrected value of the object pixel always matches with the gradation value of the center pixel of the masking when 
the masking pattern scanned over the reference data. 

[0099] In other words, when the center of the masking pattern is on an edge of the object pattern, no gradation 
correction is performed on the reference data 12. 

[0100] Therefore, only the gradations in the corner section are corrected, so that corner recognition step and corner 
rounding step are executed concurrently. 

[0101] By following such a procedure, when mask scanning has been repeated for all the pixels (YES in step 53), 
and when the gradation correction process has been carried out for the specified number of repetitions for all the pixels 
(YES in step 52), the entire correction process is completed. 

[0102] Figures 14B to 14F show gradation changes obtained in the reference data 12 by applying the masking pat- 
terns respectively shown in Figure 6, each of the patterns in Figure 7 for R=1.5, R=2.0 and R=2.5, and the pattern in 
Figure 9. These results relate to the particular cases of edges and corners not being coincident with the pixel boundary, 
and the contour lines indicate gradation values at a given pixel position. 

[0103] Figure 14A shows an as-expanded reference image produced from the reference data 12, and Figures 14B 
to 1 4F show the results of applying each of the masking patterns shown in Figure 6, Figure 7 and Figure 9 to perform 
multi-level rounding process to the as-expanded reference image. 

[0104] These results show that when masking is applied to the as-expanded reference data, the corners sections 
are corrected to a shape to correspond with the various masking shapes applied. 

[0105] All the images shown in Figures 14A to 14F are produced from the digital patterns recorded in reference data 

12 by converting the multi-level gradation digital data to respective images. 

[0106] Figure 15 shows the gradation values in a corner section in the real image 15, and Figure 16 shows the 
gradation values in a reference image 1 3 at the same corner after applying two stages of corrections to the real image 
15. First, the reference data 12 were corrected by the multi-level rounding correction process, shown by the flowchart 
in Figure 12, using the masking pattern approximating the true circle (R=2.5) shown in Figure 8. The corrected results 
of rounding were then further subjected to a blending (gradation) process using the filtering coefficients of optical point 
spread function obtained from the real image 15. 

[0107] Figure 17 shows gradation values in the various location of a difference image between the reference image 

13 and the real image 15. 

[0108] It can be seen that, judging from the fact that gradation differences are quite small, even if the corner and 
edge sections do not coincide with the pixel boundaries, rounding correction at the sub-pixel level can produce gradation 
values in the reference image 13 that are very close to those in the corner section in the real image 15. 
[0109] Accordingly, the reference image forming section 3 (see Figure 1) produces a reference image 13, from the 
reference data 12 input thereto, by applying the multi-level rounding correction process at a pixel-unit level or a sub- 
pixel unit level, that is very close to the real image 15. 

[0110] Next, the reference image 13 is stored in the image memory 6, and is compared with the actual image 15 
which has already been stored, and the images are compared in the image comparison section 7 whether the object 
pattern for inspection is drawn accurately based on the ideal pattern produced from the respective design data including 
shape and size of the circuit. 

[0111] It should be noted that, in the descriptions given above, integers were used in the computation process for 
protecting the processing speed, but if there is no time restriction, floating decimal values can be used in the computing 
the values of upper and lower limits of curvature range, the 1 -pixel gradation ratio and inside-masking total gradation. 
[0112] By adopting such a procedure, instead of using an approximated true circle, a true circle masking pattern can 
be used directly to increase the precision of pattern inspection even more. 
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Claims 

1. A method for a multi-level corner rounding process for digital rounding of corner sections in reference data for an 
object pattern according to design data, comprising: 

5 

scanning said object pattern with a laser beam of a specific wavelength; 

focusing transmitted tight through said object pattern on photodetector means using an objective lens so as 
to produce a real image of said object pattern according to object pattern information obtained by said photo- 
detector means; 

w comparing said real image with a reference image generated from said design data; and thereby 

detecting defects in said object pattern, 

wherein said reference data are generated by expanding said design data so as to produce multi-level gradation 
reference data at each pixel having a resolution capability that is finer than an inspection resolution capability; said 
is corner sections are automatically identified in said reference data that do not contain any corner information: and 

a corner rounding operation is performed on a corner section in a multi-level gradation state, in accordance with 
a corner radius extracted from said real image at a resolution finer than said inspection resolution capability. 

2. A method according to claim 1 , wherein a corner section in the reference data is corrected to approximate a shape 
20 of a corner section in said real image, by scanning over said multi-level reference data about an object pixel with 

a circular masking, or a ring shaped masking or a polygonal masking approximating a circle, having a radius given 
in pixel units or sub-pixel units, so as to define a neighboring pixel range of said object pixel. 

3. A method according to claim 2, wherein a corner pattern identification reference value for a masking pattern is 
25 derived according to a computational process comprising: 

defining a reference value for inside-masking total gradation derived by multiplying a maximum gradation value 
achievable in an object pattern in said reference data with a masking area ratio, which is a ratio of two areas, 
a unit area of a unit pixel and an area occupied in the unit pixel by a circular masking, or a ring-shaped masking 
30 or a polygonal masking defined in sub-pixel units : to be scanned into said reference data, and summing all 

products; 

designating one masking region that does not contain a center pixel produced by dividing said masking pattern 
along any line in said masking pattern, and similarly designating other masking region that contains said center 
pixel in said masking pattern: and 
35 assigning a masking curvature range lower limit value to said reference value of the inside-masking total 

gradation in said one masking region, while assigning a masking curvature range upper limit value to said 
reference value of the inside-masking total gradation in said other masking region. 

4. A method according to claim 3, wherein a 1 -pixel gradation ratio is derived by dividing said maximum gradation 
40 value by a difference between a masking curvature range upper limit and a masking curvature range lower limit. 

5. A method according to claim 4, wherein a gradation correction process for said object pattern comprises: 

obtaining an inside-masking total gradation value by multiplying a masking area ratio, which is a ratio of two 
45 areas, a unit area of a unit pixel and an area occupied in the unit pixel by a circular masking., a ring masking 

or a polygonal masking defined in sub-pixel units, to be scanned into reference data, with gradation values 
contained in said reference data at corresponding individual pixels inside said masking pattern, and summing 
all products; 

assigning a minimum gradation value as a gradation value of a center pixel address in said masking pattern, 
so when an inside-masking total gradation value is less than a masking curvature range lower limit value: 

assigning a maximum gradation value as a gradation value of a center pixel address in said masking pattern, 
when an inside-masking total gradation value is greater than a masking curvature range upper limit value: 
assigning to a center pixel address in said masking pattern, a gradation value obtained by subtracting a mask- 
ing curvature range lower limit value from an inside-masking total gradation value, and multiplying a difference 
55 with a 1 -pixel gradation ratio, when said inside-masking total gradation value is greater thnn said masking 

curvature range lower limit value but is less than said masking curvature range upper limit value and 
repeating said gradation correction process for each pixel in said object pattern so as to modify gradation 
values only in sub-pixel units for corner sections. 
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A method according to claim 5, wherein after completing rounding operations of corner sections, a comparison 
reference image is produced by applying a filtering process, suitable to optical properties of an inspection appa- 
ratus, to multi-level gradation reference data so as to produce said comparison reference image having gradations 
approximating gradations in corner sections in a corresponding real image. 

A pattern inspection apparatus for scanning an object pattern, generated according to design data, with a laser 
beam of a specific wavelength; focusing transmitted light on photodetector means through an objective lens so as 
to generate a real image from pattern information obtained from said photodetector means: comparing said real 
image with a reference image derived from said design data; and detecting defects in said object pattern according 
to a multi-level corner rounding method disclosed inclusively in claims 1 to 6. 



10 




12 



EP 0 952 548 A2 




13 



EP 0 952 548 A2 
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Fig. 11A 
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